family composition, year of settlement in Amsterdam, country of birth, affluence of borough of residence, and period of interview.
Methods
The study was based on a linkage of demographic data from a population register and data on health care utilization from a health insurance fund (HIF) register, with regard to respondents and non-respondents to a survey in Amsterdam. Amsterdam is the capital of the Netherlands and is highly urbanized.
Subjects
The study sample consisted of 4678 people aged у16 years randomly selected from the Amsterdam municipal population register (MPR; registration in the MPR is obligatory for all residents). The sample was stratified by age (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) 35 -64, у65 years). Further, the people included were not living in care institutions, could be linked to a HIF record and had HIF insurance for the entire study period (1992 and 1993) . Health insurance fund cover is obligatory for and limited to those in lower income brackets (for the Netherlands in total this applies to 63% of the population, and to two-thirds of the population in Amsterdam). Linkage was performed on the basis of gender, postal code (a postal code comprises about 20 housing units) and date of birth.
This entire sample was asked to participate in a health interview survey. The aim of the survey, as indicated to potential respondents, was to provide information on health differences within the city, to support health promotion and the maintenance of an inclusive system of health insurance. Fieldwork took place for 10 months from summer 1992 until summer 1993. In each month, a 10% random subsample was approached. To optimize response rates, people were notified in advance by mail, 3, 11, 12 interviewed in their homes 11, 13 by well-trained interviewers, 3 and received a small incentive. 3, 11 People were interviewed in Dutch, Moroccan-Arabic, Turkish or English. They were called on twice if not at home on first call.
From the target sample of 4678 people, 2934 (62.7%) were interviewed in person; proxy interviews were not allowed. Main reasons for non-response were 'refusal' (55.7%), 'not at home on three occasions' (31.3%), and 'too ill to be interviewed' (4.4%). The response rate in this study is slightly higher than that obtained by Statistics Netherlands in the Dutch National Health Survey of 1992/1993. 10 Survey and linkage procedure were approved by the municipal medical-ethical and privacy committees. Further details of the survey have been reported elsewhere. [14] [15] [16] [17] 
Data
Data on utilization of care were derived from the HIF records regarding claims for various types of care which were paid for by the HIF to a health care provider on a fee-for-service basis in 1992. This will further be referred to as 'health care utilization'. The data concerned any use of prescription drugs, of paramedical services (physiotherapy, speech therapy and specialist physiotherapy), of medical aids, of dental care, of specialist medical care, and of hospital care.
Data on demographic and socioeconomic background were extracted from the records of the MPR. The characteristics noted were gender, age, marital status, family composition, year of settlement in Amsterdam, country of birth, and affluence of borough of residence (i.e. mean income after taxes per earner in the neighbourhood of residence in 1994). Furthermore, the period (month) of the interview during the survey was included as a proxy for the potentially increasing skills of the interviewers. Categories involved in the analysis are indicated in the Tables.
Analysis
In the analysis, we first examined differences in response regarding the various background characteristics. Next, we examined differences in the utilization of the various types of care by response status and whether these differences remained after adjustment for the background characteristics, using logistic regression. Finally, we assessed whether risk estimates for health care utilization by background characteristic were different if the entire target sample was studied instead of respondents only. We tested whether the differences between both estimates were statistically significant by entering an interaction term between response status and background characteristic into a logistic model that already included response status and background characteristic. To obtain an indication of the impact on the estimates of restriction to respondents only, we also computed the percentage error in the odds ratio (OR), using a method introduced by Austin et al. 18 This method implies that the OR for the entire target sample is compared with that of respondents only.
The latter analyses showed that non-response had by far the largest impact on risk-estimates regarding age. We therefore repeated the latter analysis with an additional adjustment for age, and further adjusted in this analysis for gender and its interaction with age. All analyses were performed with SPSS for Windows. 19 
Results

Background characteristics
Results show that non-response occurs more frequently among one-person households, among unmarried people, and in poor neighbourhoods (Table 1) . Regarding the other background characteristics, differences are smaller and not statistically significant.
Many of the characteristics included in Table 1 are of course closely interrelated. If they are all entered simultaneously in a logistic model predicting response status, only those who are foreign-born have a statistically significant higher non-response (OR = 1.24, 95% CI : 1.05-1.46). After a stepwise forward selection procedure, the model retains both marital status (OR for unmarried = 1.25, 95% CI : 1.10-1.41) and country of birth (OR for foreign-born = 1.24, 95% CI : 1.03-1.38).
Utilization of care
Utilization of almost all types of care is lower among nonrespondents than among respondents (Table 2) . Differences are only absent regarding hospital care. Demographic and socioeconomic characteristics offer no explanation for any of the differences in health care utilization by response status ( Table 2 , right columns); neither do subsets of these characteristics (results not shown).
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Risk estimates
Of the 54 OR of health care utilization that are estimated for the various background characteristics, only 11 differ by at least 10% between the respondents only and the entire target sample (Table 3) . Of these 11 cases, in 10 the estimates based on respondents only are higher. Using a cut-off point of 5%, these numbers are 29 and 23, respectively. In six cases the response status modifies the association between background characteristics and health care utilization with statistical significance (P Ͻ 0.05); three of these concern age. By chance alone, we would expect 2.7 significant differences on the basis of 54 comparisons. Applying a Bonferoni adjustment, 20 none of the modifying effects is statistically significant.
Regarding background characteristics, the average deviation in risk estimate is largest for age (average overestimation of risk of age groups 35-64 and 65+ years compared to 16-64 years: 16% and 17%, respectively) and smallest for marital status. Regarding types of care utilized, the average deviation is largest for use of medical aids and smallest for use of paramedical care.
Age and gender are strongly associated with health care utilization and with most background characteristics in this study. Adjustment for age and gender shows that the average differences between risk estimates based on respondents only and those based on the entire target sample increase somewhat. However, in this case only one of these differences is statistically significant (regarding dental care by country of birth; results not shown).
Discussion
The data available on registered utilization of health care offered a unique opportunity to study the impact of selection bias on estimates of health care utilization. The results show rather large differences between respondents and non-respondents to a survey regarding their registered health care utilization but much smaller differences regarding demographic and socioeconomic background characteristics. Estimates of health care utilization based on respondents only are mostly higher than those based on the entire target sample. However, most risk b P-value of age overall: 0.52.
c As a proxy of a potential effect of increasing skills among the interviewers during the 10 months that the entire project lasted.
d Mean age-adjusted income after taxes per earner aged 25-64 years in the neighbourhood of residence of the person, in 1994.
estimates of registered utilization by background characteristic differ only slightly and without statistical significance. If different, risk estimates based on only respondents are mostly somewhat higher. This applies in particular to age. Imperfect linkage might have affected the validity of this study. However, the linkage key we used was very specific and data on this key in both registers (MPR and HIF) concerned the same period: the first week of May 1992. Registration in the MPR at the correct address is obligatory for all residents of Amsterdam. The address in the HIF register is derived from information from the employer or the social security authority; a correct address is necessary to obtain any information and reimbursement from the HIF.
Regarding background characteristics, our study showed a lower response rate among people living in one-person households, among unmarried people and among people living in poor areas. The first two results are closely related, as most one-person households concern unmarried people (though the reverse may not always hold true). A similar result has also been found in other studies. 21, 22 The lower response rate in poor areas corresponds with previous studies showing response to be poorest in such inner city areas. 21, 23 (As such, our relatively high response rate in a kind of population that generally shows poor response rates 4, 8, 12, 21, 22, 24 also corroborates the effectiveness of our measures in improving response.) A main negative finding is the insignificant effect of age on response in this study. Some studies show response rates to be highest between the age of 40 and 75, 8, 12, 21, 25 though others do not find any significant difference by age. 6, 26 Regarding health care utilization, our study shows higher rates of registered use among respondents for most types of care. Exceptions concern types of care associated with more severe health problems such as hospital care, where the severity of the health problems may be a reason for non-response in itself. Our results confirm the findings of Lamers who showed higher utilization rates among respondents for the same types of care as our study 8 in a mail survey on health status and use of care among HIF insured Dutch people aged 5-90 years (using proxy information for those under 15). The information we gave to potential respondents may have especially attracted regular users of care, which might explain our too high estimates on the basis of respondents only. We are not sure whether this explanation also applies to Lamers' results because she did not provide information on this aspect. However, the overall aim of her study was to obtain data on health status and medical consumption to be used for risk-adjusted capitation payments to health insurers, 8 and it seems likely that this topic has similarly attracted regular users.
Most other studies have shown a lower utilization of health care among respondents. For example, among US Medicare beneficaries aged у65, Grotzinger et al. found a lower registered utilization of both inpatient and outpatient care for respondents in a mail survey on health status and use of health care. 7 Among Canadians aged у65, Rockwood et al. found a higher IMPACT OF RESPONSE BIAS 1137 Table 2 Utilization of various types of care which are paid for on a fee-for-service basis among respondents and non-respondents; odds ratios (OR) and CI for utilization, crude and adjusted for all demographic and socioeconomic characteristics mentioned in use of medical services and hospital care in a face-to-face survey on health status that also employed proxy interviews. Differences by response status were largest among the oldest people. 5 Finally, among young members (19-45 years; mainly students) of health insurance plans in Geneva, Etter and Perneger found hardly any differences in registered utilization by response status in a mail survey on health status, lifestyles and use of care. 9 On the basis of this evidence, it might be inferred that a higher utilization of health care among non-respondents mostly applies to the elderly. Additional analyses on our data do not, however, show such an effect-modification by age (results not shown).
Other evidence regarding differences in health care utilization by response status is based on self-report or on health status proxies. This evidence is only partially comparable with ours because the concordance of health status and self-reported utilization with registered utilization is not perfect and may depend on response status. Furthermore, in most cases this information has been obtained by an additional survey among non-respondents with its own inherent non-response. Regarding self-reported utilization of care, Osler and Schroll found a lower utilization of hospital care for non-respondents in a face-to-face survey on nutrition among elderly (70-75 years). 6 Regarding health status, several studies show that this is better among respondents which could imply a lower utilization rate among them. For instance, in population-based face-to-face surveys and cohorts studies of people aged у65 years, respondents have a better self-rated health, 6, 27 and a lower prevalence of disabilities, 25, 27 of myocardial infarction, 27 of stroke, 25, 27 and of low cognitive function. 25 Population-based face-to-face surveys which also included younger people show respondents to have fewer cardiovascular diseases (30-79 years), 28 and fewer cardiovascular complications (among diabetics, all age groups). 29 Regarding psychiatric disorders, Williams and Macdonald compute, on the basis of a synthesis of various empirical studies, that their estimated overall prevalence would be 6% higher (i.e. 25% instead of 19%) if all non-respondents were also included in two-stage screening surveys. 30 Few studies have shown poorer health for respondents, implying a higher utilization of care among them. For instance, respondents in a face-to-face survey among US men aged 40-79 had a higher prevalence of benign prostate hypertrophy. 31 Similarly, respondents to a mail survey on asthma among Italians IMPACT OF RESPONSE BIAS 1139 aged 20-44 years had a lower prevalence of asthma-like symptoms. 32 In summary, the results of our study are in contrast with most (though not all) studies on differences in reported health and utilization of care by response status.
Regarding the impact of non-response on risk estimates of health care utilization with regard to various background characteristics, our study generally found overestimation on the basis of respondents only. Fortunately, this impact is mostly rather small. No other studies are available in which two registrations are linked to obtain evidence on this impact. 33 In conclusion, the results of our study show that rates of registered health care utilization may sometimes be overestimated if they are based on respondents only, instead of on the entire target sample. Most previous studies show a tendency to underestimation in this case. Estimates of the risk of health care utilization regarding various demographic and socioeconomic characteristics mostly differ only slightly. If different, they tend to be somewhat too high when based on respondents only. In this study, response bias thus mainly affects estimates of registered health care utilization but hardly affects risk estimates for background characteristics.
Future studies are needed to confirm our results. This especially applies to the impact of response bias on risk estimates for health care utilization, as no other studies are available on this subject. When estimating the prevalence of utilization, the impact of the information given to potential respondents needs investigation. Until the results of these future studies are available, it seems wise to point out to potential respondents in any health survey that their participation is still necessary even if they have no health complaints and have not used any health care recently.
